In this paper, in order to investigate the shear mechanism and shear capacity of framework joints of steel-reinforced concretefilled circular steel tube (SRCFCST), a numerical finite element model reflecting the mechanical behavior of framework joints of SRCFCST column-reinforced concrete beam is established through simulating concrete by the damage plastic constitutive model and simulating steel by the ideal elastic-plastic material, and its effectiveness is verified by experimental data. On account of uniform distribution of circular steel reinforced around the section and without definite flange and web, the shear mechanism of the framework joints of SRCFCST is analyzed on the basis of equivalent circular steel tube (CST) to the rectangular steel tube. e method for calculating the superposed shear bearing capacities of the joint core area is proposed, which is composed of four parts, i.e., concrete inside tube, concrete outside tube, hooping and steel-reinforced web; and the corresponding formulas for calculating shear bearing capacity are established. e comparative analysis of joints' shear bearing capacity indicates that the results of numerical simulation and shear bearing capacity formulas coincide well with the experimental values, which can provide reference for the nonlinear analysis and engineering design of similar joints.
Introduction
Steel-reinforced concrete structure is a structure composite of steel and reinforced concrete, abbreviated to SRC structure. In SRC columns, steel and concrete work together, which not only has favorable antiseismic and durability performance but also can relatively reduce costs. At present, it has been widely applied in high-rise buildings around the world [1, 2] .
ere are different forms of section steel in SRC structures, e.g., lattice section steel, H-type section steel, cross section steel (general SRC), and circular steel tube (CST). Compared to general SRC structure, the CST-reinforced tube in SRC columns has the advantages of simple and easy fabrication, and steel is evenly distributed around the section, which is very beneficial to the corner columns bearing biaxial bending. At the same time, the three-dimensional restraint effect of steel tube on inner-core concrete can also develop the potential of steel and concrete more effectively [3] . However, at present, the researches on SRC structure mainly focus on general SRC structure, and few have been carried out on the SRCFCST structure [4] . e joints are the key parts connecting frame columns and beams. Under earthquake action, in order to meet the structural design requirements of "strong joints, weak members," the shear force bore by internal joints is even several times larger than that of the beams and columns [5, 6] . To this end, some scholars have conducted a lot of research on the shear mechanism and shear capacity of framework joints, but which were mainly for framework joints of reinforced concrete and general SRC [7] [8] [9] [10] . Chen et al. [11] and Han and Li [12] studied the seismic behaviour of concrete-filled steel tubular (CFST) joints considering the effect of the slab. e slab effect on the shear transfer in the panel zone is investigated as well. Zhang et al. [13] experimentally investigated the behaviour of ring beam joints between concrete-filled twin steel tubes columns and reinforced concrete beams. e test results showed that the joints with good aseismatic behavior can easily achieve the antiseismic design principles, namely, "strong column-weak beam" and "strong joint-weak member." Finite element modeling was also implemented to conduct some parametric analyses. Han et al. [14] conducted experiments on thin-walled steel tube confined concrete (TWSTCC) column to reinforced concrete beam joints subjected to cyclic loading and found that the TWSTCC joints show generally excellent seismic performance and is adoptable in practical engineering, particularly in earthquake zone. Nie et al. [15] proposed a new connection system for a concrete-filled steel tube composite column and reinforced concrete beams and analyzed the mechanical properties of this type of connection under the action of seismic load and found that the effective confinement can be achieved by the stiffening ring, and an excellent axial bearing capacity can be obtained, as well as a superior ductility and energy dissipation capacity. Chen et al. [16] aimed to investigate the seismic behaviour of a through-beam connection between concrete-filled steel tubular columns and reinforced concrete beams, and cyclic loading tests and subsequent axial compressive tests are reported on six beam-column specimens. A finite element model is also developed and validated by a comparison with the experimental results. Ding et al. [17] conducted a cyclic loading test on a group of nonthrough-core connection, established the finite element model for calculation and analysis, discussed its strain curve, ductility curve, stiffness degradation curve, and energy dissipation curve, and concluded that SRCFCST joints had better seismic performance than ordinary reinforced concrete beam-column joints. Liao et al. [18] established seven composite joint models, including four concrete-encased CFST columns to RC beam joints and three concrete-encased CFSTcolumns to steel beam joints, and then models were tested and compared under constant axial load on the top of the column and cyclic load at the end of the beam. Based on the test results, the strength, ductility, rigidity degradation, and dissipated energy of the specimens were investigated. However, there are few studies on the shear resistance of framework joints of SRCFCST, and its shear mechanism also needs to be further improved [19] . In this paper, a numerical finite element model is established to simulate the mechanical behavior of SRCFCST columnframework joints of the reinforced concrete beam; and its effectiveness is verified by the results of low-cycle repetitive loading experiments in [3] . On account of uniform distribution of circular steel reinforced around the section and without definite flange and web, the shear mechanism of concrete inside tube, concrete outside tube, hooping, and steel-reinforced web in joint core area is analyzed on the basis of equivalent CST to the rectangular steel tube; and the formulas for calculating the superposed shear bearing capacities of the joint core area is proposed. e comparative analysis of joints' shear bearing capacity indicates that the results of numerical simulation and shear bearing capacity formulas coincide well with the experimental values, which can provide reference for the nonlinear analysis and engineering design of similar joints.
Numerical Finite Element Model

Constitutive Relation of Materials.
Under the action of cyclic load, the cyclic strengthening effect of steel (including section steel and reinforcing steel bar) will cause it to generate greater strain than that under unidirectional load, which makes the strengthening effect of steel not obvious when the core area reaches the ultimate bearing, while the concrete in the core area may have been destroyed [20] . erefore, in numerical simulation, the strengthening effect of steel could be neglected, and the ideal elastic-plastic model can be adopted.
For SRCFCST columns, the concrete in joints' core area can be divided into the concrete outside steel tube and concrete inside steel tube. e restraint effects on the two are different. e test results indicate that the restraint on the latter one is greater than that on the former one. However, according to the experimental results, when destroyed, the concrete on the side of joint area has peeled off, while the concrete inside the steel tube has not been destroyed [19] , which shows that the restraint effects on concrete inside the steel tube of SRCFCST column is less than that of the concrete-filled steel tube in limit state [3] . is is because the stress in the steel tube of concrete-filled structure will reach the yield strength in the failure stage while experiments show that the failure of the SRCFCST structures is due to the yielding of the reinforcements around the steel tube, and the steel tube has not yet yielded at this stage, which leads to the effect on the inside concrete smaller than that of concretefilled steel tube structures.
Moreover, under cyclic loads, the "plastic deformation" in traditional sense accounts for a small proportion of inelastic deformation of concrete [21, 22] . erefore, the same constitutive relationship can be utilized for concrete inside and outside the steel tube in numerical simulation. In this paper, the damage-plasticity model is adopted for concrete, which applies the isotropic elastic damage and takes the degradation of elastic stiffness caused by plastic strain under tension compression and stiffness recovery under cyclic loads into account so that it can accurately simulate the mechanical behavior of concrete under cyclic.
Under cyclic loads, the damage mechanics characteristics of concrete are related to the opening and closing of internal microcracks and their interaction. e model assumes that the modulus of elasticity after damage can be expressed as the relationship between the initial elasticity modulus with the damage factor, i.e.,
where E 0 is the initial elastic modulus of concrete, E 0 is the elastic modulus of concrete after damage, and d is the damage factor, which can be divided into compressive damage factor d c and tensioned damage factor d t .
Since the tensile strength of concrete is much lower than the compressive strength and also has small influence on the structure, the influence of tensile damage coefficient of concrete is not considered in this paper. e compressive damage factor of concrete can be calculated by classical damage theory, and the calculation formulas are as follows [23] :
where E c,0 is the initial compressive elastic modulus of concrete; ε c is the compressive strain of concrete; and σ c (ε c ) is the uniaxial compressive constitutive function of concrete.
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Under cyclic loads, the formula for calculating compressive plastic strain of concrete in consideration of compressive damage is as follows:
where ε pl c is the compressive plastic strain of concrete in consideration of compressive damage. e uniaxial compression (tension) stress-strain relationship curve recommended in GB50010-2010 Code for Design of Concrete Structures is adopted, which consists of three parts: elastic, strengthening, and softening [24] .
Numerical Model
Unit Partition.
e whole geometric model of framework joint SRCFCST column-reinforced concrete beams studied in this paper is shown in Figure 1 [19] . e numerical analysis is carried out by ABAQUS, a large-scale general-purpose nonlinear finite element analysis software; and the finite element model of framework joints is established. e eight-joint hexahedron element (C3D8R) is used for steel tube and concrete, which can make the Gauss integral points satisfy that required for accurate integration, and the hourglass control can be conducted. Two-joint three-dimensional truss element (T3D2) is used for beam, column longitudinal reinforcement, and hooping. Steel tube and concrete elements are divided into regular hexahedron by the mapping grid. In consideration of the research focus of joints, the grid in the joints' core area is densified. e bond-slip characteristics between steel tube and concrete, and between reinforcing bar and concrete, are not considered in the finite element model but sticked together directly, assuming that there is the same displacement on their common interface. e bond constraints between steel tube with concrete inside and outside are carried out by * TIE Command; and beams, columns, and hooping are placed in concrete by * EMBEDED Command.
Boundary Conditions and Loading
Mode. Vertical, horizontal, and rotational constraints are imposed on the bottom of column; the horizontal and rotational constraints are imposed on the top of column; then the fixed axial force N is imposed on the top of column to simulate vertical loads; and the cyclic concentrated loads P or cyclic vertical displacement Δ with equal magnitude and opposite direction is applied on both ends of the beam to simulate the horizontal seismic action (load loading is used before the longitudinal reinforcement yields, and displacement loading is used after yielding).
Joint Model Experiment and Numerical Simulation
Model Experiment
ere are three groups of specimens in the test model, i.e., nonperforated specimens (Group A), reinforcement-perforated specimens (Group B), and large-hole specimens (Group C), and two specimens in each group, six specimens in total. e three groups only differ on the way of opening on the steel tube at the joints. e upper and lower longitudinal reinforcements of each specimen beam are 5B22 and arranged in two rows, 3B25 for the outer row and 2B25 for the inner row. e details are as follows:
(1) Nonperforated Specimen. Only one longitudinal reinforcement in the middle of outer row passes through a small circular hole with a diameter of 26 mm in the CST, and the rest passes through the outside of the steel tube, which is similar to nonperforation.
(2) Reinforcement-Perforated Specimens. Small circular holes with a diameter of 26 mm are opened at the intersection of the upper and lower longitudinal reinforcements of beams with steel tube, and all the longitudinal reinforcement passes through the steel tube from these holes.
(3) Large-Hole Specimens. A 166 mm * 72 mm rectangular hole is opened at the intersection of the upper and lower longitudinal reinforcements of beams with steel tube in column. All the longitudinal reinforcement passes through the steel tube from the large hole, which is called large-hole specimens.
As the experiment is carried out to acquire the failure mechanism of the joints, the specimens are designed according to the principle of "weak joints, strong members." e strength grade of concrete is C40, the longitudinal reinforcement is HRB335 reinforcing bar, the hooping is HPB235 reinforcing bar, and the steel tube in column is rollwelded by Q235 steel. e size, rebars, and structure of specimens are shown in Figure 2 and Table 1 , and the material properties are shown in Tables 2 and 3.
Experiment Device, Loading Program, and Measuring
Points. e experiment loading device is shown in Figure 3 . e predetermined axial force of 1000 kN is applied at the end of column and kept constant, with an axial compression ratio of about 0.3. e lower cyclic repetitive concentrated loads are applied synchronously at the end of beam. e first and second cycles are loaded by the loading control, and the load values are 25% and 75% of the calculated yielding loads of beam sections, respectively; the stress of joints in the usage stage is simulated. en, the load is controlled by displacement with control point at the end of the beam and cycled twice under each grade of displacement, stopping it when the load at the end of beam falls to 85% of the maximum loads. e specimen is considered to yield when the reinforcements in the beam yield. e loading program is shown in Figure 4 . e resistance strain gauges are pasted on the steel reinforced in longitudinal and transverse directions, hooping, beam-column longitudinal reinforcement, and concrete surface of diagonal direction. e displacement transducers are arranged at the beam end to calculate the rotation of plastic hinge. e displacement transducers are arranged in the diagonal direction to measure the shear deformation in core area. e "displacement transducer" is used to measure the shear deformation in the joint and vertical displacement of the beam end. e beam-end displacement transducers and pressure transducers are connected with X-Y recorder to draw the load-displacement curve so as to control the whole loading process.
In the loading mode shown in Figure 3 , the core of the node is stressed as shown in Figure 5 . According to the joint stress balance condition and the shear stress mutual law, the relationship between the horizontal shear force design value V j and the beam end load in the core area of the joint can be expressed by the following formula [25] : 
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where H c is the height of the column, H b is the length of the beam, h b is the height of the beam section, h c is the height of the column section, h b ′ is the e ective height of the beam section and h c ′ is the e ective height of the column section, and P is the beam end load.
Whole Stress Process of Specimens and Failure
Mechanism.
e experiment results show that all the specimens are subject to shear failure in the joint core area and go through three stages of the whole process from loading to failure: noncracking, cracking, and failure.
(1) Noncracking Stage. Under small loads, both the vertical displacement of free end of the beam and the shear deformation of joint core area are very small, and the load and deformation are straight and linearly related. When the load reaches 25 kN, the rst vertical crack appears on the beam intersecting with the column, but there is no crack in core area. ree groups of joint specimens are basically the same in this stage.
(2) Cracking Stage. When the load rises to about 60 kN, the rst diagonal crack appears in the middle of joint core area, with a width of about 0.5 mm. At this time, the strain of steel tube and concrete in the joint area is basically consistent; both vertical displacement of beam end and shear deformation of core area are very small; the transverse deformation of hooping and steel tube in the joint area is also very small; the joint shear-force is mainly borne by concrete and steel reinforced. e cracking loads of joints with di erent holes are approximately the same in joint area, and the cracking load is about 40% of the failure load. When the initial crack occurs in the joint area, the crack on the beam increases less. When the load increases to 120 kN, the longitudinal reinforcement at the beam end intersecting with the column yields; the displacement at this time is Δy. e rst crack in the core area widens further; at the same time, many diagonal cracks generate and form a cluster of cross-diagonal cracks. At this time, the performance of three groups of specimens is roughly the same.
(3) Failure Stage. After the beam longitudinal reinforcement intersecting with column yields, the displacement control is adopted for loading. When the displacement at the free end of beam increases to 2Δy, a main diagonal crack is formed in the core area, which basically threads through along the diagonal direction. e core area is basically in a "full crack" state, and the sti ness of joints decreases signi cantly. At this time, the performance of three groups of specimens is di erent. Group A specimens: when the beam-end displacement is close to 2Δy, the concrete on the side of joint area has begun to peel o . When the displacement reaches 2Δy, the hooping yields. Groups B and C specimens: when the beam-end displacement increases to 2Δy, the hooping in the core area still does not fully yield. When the displacement reaches 3Δy, all hooping in the joint area yields, and steel reinforced also yields, but the bearing capacity can still increase about (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) %. When the displacement of Group A specimens increases to 3Δy, and that of Groups B and C specimens to 4Δy, the concrete on the side of joint area seriously cracks, the hooping in the joint area is exposed, the load declines to less than 85% of the maximum loads, and the specimens are damaged.
Numerical Finite Element Simulation.
In order to investigate the e ectiveness of the numerical model, a numerical nite element analysis is carried out for the framework joints of SRCFCST low-cyclic load experiment specimens in reference. Based on the experiment data of material properties and the constitutive model aforementioned, the stress-strain curves of concrete under uniaxial compression and tension are shown in Figure 6 , and the compressive damage coe cient curves of concrete are shown in Figure 7 . In the calculation, a xed axial force N (1000 kN) is applied at the top of the column, and then a repetitive concentrated load P or a repetitive vertical displacement Δ is applied at the end of the beam. e loaddisplacement hysteretic loops can re ect the relationship between load and strain of the joint under cyclic loads, as well as the energy dissipation capacity. Six specimens were established in ABAQUS and divided into the following three groups: nonapertured group (group A), specimen group (group B), and macroporous group (group C). ese groups are di erentiated by the type of perforation cavity on the end of steel tubes. e di erence between the three groups only was the form of hole on the end of the steel tube. In calculation, rstly, xed axial force N (1000 kN) was applied to the top of the column, and then a pair of reciprocating concentrated loads P or reciprocating vertical displacements Δ of which equal value but opposite direction was applied to both ends of the beam. From the load-displacement hysteretic loop curves of the beam end, the relationship between the load and strain of the joint under the reciprocating load as well as the capacity of energy dissipation could be re ected. Figure 8 shows the comparison on load-displacement hysteretic loops between FEA results and experiment results, which implies that the nite element calculation results of each group of specimens basically coincide with the experiment results. In general, the finite element hysteretic curve is fuller than the test curve, which is mainly caused by that it is difficult to accurately consider the crack opening and closing of concrete and the bond-slip effect between steel bar, section steel, and concrete in the finite element calculation [26] . According to the results of finite element calculation of each group, the hysteretic curves of reinforcement-perforated specimens are fuller than those of nonperforated specimens and large-hole specimens, indicating that reinforcement-perforated specimens have the best deformation, ductility, and energy dissipation properties, which accords with the experiment results [19] . Figure 9 shows the comparison on load-displacement skeleton curves between FEA results and experiment results, which indicates that the results of finite element calculation coincide well with the experiment results. e experiment value of ultimate bearing capacity of Groups A and B specimens is slightly larger than results of finite element calculation except that the experiment value of two specimens in Group C are quite different.
In summary, specimen in Group B has the best effect. e main reason is that a reinforced concrete shear pin is formatted through the small hole, increasing the concrete bonding effect, and the concrete in and out of the tube can work together through the small hole improving the integrity of concrete in core area.
Theoretical Analysis of Shear Bearing
Capacity of Joints 4.1. Shear Mechanism of Joints. Figure 10 shows the general composition and equivalence of the SRCFCST column section. Different from the SRC columns with H-shaped steel, cross-shaped steel, or rectangular steel tube, CSTs are distributed uniformly around the section without definite flange and web. In addition, the mechanical properties of concrete inside and outside tube are different due to varied constraints. In order to understand the shear bearing mechanism of joints easily, in this paper, CST is equivalent to rectangular steel tube; the corresponding inner-core concrete inside and outside tube is also in the corresponding rectangular section range. Figure 11 indicates the equivalent principle that the area of flange and the web are equal. It should be noted that the flange and web should adopt different thicknesses in the rectangular steel tube section in order to satisfy the principle because the height of the two parts are not identical.
Because the steel tube involved in the shear is mainly the part at the middle height of joint core area, in the equivalence to CST, the flange area and web area of the rectangular steel tube are equal, and the height of the rectangular steel tube is equal to the diameter D of the steel tube. e area of core concrete is equal to the area of concrete inside the steel tube. Based on the equivalence principle above, the equivalent rectangular section width of concrete inside and outside tube and the thickness of flange and web of equivalent rectangular section steel tube can be obtained. e thickness-diameter ratio of the steel tube is expressed as ξ � t w /D, where t w is the wall thickness of CST, and then mentioned above that there are many similarities in shear mechanism between framework joints of SRCFCST and that of rectangular or square SRC framework joints [26] [27] [28] . In this paper, the shear bearing capacity of SRCFCST column is divided into four parts by referring to the calculation method for general SRC column-beam composite joints proposed by existing codes, regulations, and relevant scholars, i.e., ① the shear bearing capacity provided by concrete outside the tube of joint area, V out ; ② the shear bearing capacity provided by concrete inside the tube of joint area, V cor ; ③ the shear bearing capacity provided by hooping of joint area, V sv ; and ④the shear bearing capacity provided by the steel section web of joint area, V w . By superimposing the four parts above, the basic formula of the horizontal shear bearing capacity V j in joint core-area can be obtained as follows:
According to the SRCFCST column section equivalence and analysis of shear bearing capacity mechanism, the shear bearing capacity is provided by each part of joint area.
Shear Bearing Capacity Provided by Concrete Outside
Tube. Due to the complex crack and conquassation behavior of concrete in the ultimate state, it is difficult to accurately calculate the shear bearing capacity it provided; and in the case of composite forces, the banded concrete inclined bar will form at joints [27] . With this regard, the shear bearing capacity provided by the concrete in joint area is calculated by the inclined bar theory. e shear mechanism of the concrete outside the tube in joint core area is shown in Figure 12 (a). Because it is not constrained by the steel tube, its stress mechanism is similar to that of the joint concrete in [26] . e formula of computing the shear bearing capacity V out provided by concrete outside the tube is as follows:
V out � 0.4B out b out,j f c ,
where f c is the design compressive strength of concrete, h b is the beam height in joint core area, and B out is the height of the concrete inclined bar outside the tube. 
Shear Bearing Capacity Provided by Concrete Inside
Tube. As constrained by the steel tube, the compressive strength of concrete in joint core area is higher than that of general concrete. e shear mechanism is shown in Figure 12 (b). Referring to SRC framework joints [28, 29] , the shear bearing capacity V cor provided by concrete inside tube can still be calculated by inclined bar theory. e calculation formula is as follows:
where B cor is the height of the concrete inclined bar in the tube, α is the obliquity of the bar, and f sc is the compressive strength of the confined concrete in the tube. e formulas for calculating the obliquity α of bar and the height B cor of the concrete inclined bar in tubes are as follows [28] :
where u is the axial pressure coefficient, N is the design value of column axial force, f a is the design value of section steel compressive strength, A c is the area of the concrete section, and A s is the area of the steel tube section.
e compressive strength f sc of confined concrete in the tube can be calculated according to GB 50936-2014 Technical code for Concrete-Filled Steel Tubular Structures [30] :
where θ sc is the reinforcement-sheath coefficient and B and C are coefficients and calculated according to the following formulas, respectively:
Shear Bearing Capacity Provided by Stirrup.
On the one hand, the contribution of hooping in joint core area to shear force lies in that it forms the truss working mechanism with beam-column longitudinal reinforcement and concrete inclined bar [28] . On the other hand, the hooping will restrain the concrete in core area, depress the crack propagation and shear deformation in core area, and thus enhance the shear capacity of the joint core area [29] . e shear bearing capacity V sv provided by hooping can be calculated according to the following formula: 
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where h 0 − a s ′ is the height of the column section after removing the thickness of upper and lower protective layers, s is the hooping spacing of core area, f yv is the tensile strength of hooping, and A sv is the total area of hooping in the same section of core area.
Shear Bearing Capacity Provided by Steel
Tube. e test reveals that the steel tube is always pulled in the circumferential direction during the whole process of shear in joint core area and yielded in the case of failure; however, the steel tube involved in the shear is mainly located in the part at the middle height of joint core area. In consideration of the restraint effects of the steel tube on concrete in the tube and the equivalent condition of SRCFCST column section steel tube, the calculation method for shear bearing capacity can be provided by referring to the SRC framework joints of ultrahigh-strength concrete and general SRC framework joint web [26, 28] . On account of the influence of the holing of steel tube section at the joint, the shear bearing capacity V w provided by the steel tube can be calculated according to the following formula:
where η is the hole rate of the steel tube section at the joint. In order to verify the correctness of the theoretical formula proposed in this paper, the paper also designs four internal steel tube steel-reinforced concrete column frame joints according to the principle of "weak node and strong component." e strength grade of concrete is C40, the longitudinal reinforcement is HRB335 reinforcing bar, the hooping is HPB235 reinforcing bar; the steel tube in column is roll welded by Q235 steel, the column height is 3.6 m, the beam length is 5.3 m; and other main parameters are shown in Table 5 . Figure 13 shows the design diagram of SRCTJ1. Compared with the six specimens in Groups A-C, the newly designed joints have larger dimensions, and thus they can be applied to structure design directly. e numerical model of framework joints of SRCFCST and formulas above for calculating shear bearing capacity are utilized to calculate the shear bearing capacity of test joints. Figure 14 shows load-displacement and hysteretic loops skeleton curves of newly designed joints of SRCFCST. Table 6 shows the comparison on test values, finite element calculation values, and theoretical calculation values of shear bearing capacity.
Analysis of Joint Shear Bearing Capacity
According to the above theoretical formula, the ratio of the calculated value to FEM is between 0.94 and 1.05, which also indicates that the theoretical formulas have favorable calculation accuracy and are effective and feasible for calculation of shear bearing capacity of the SRCFCST column and reinforced concrete frame beam composite joints.
It needs be noted that the calculated values of finite element method and the theoretical formula given in Table 6 are obtained by the measured strength of concrete and steel; in engineering design, however, it is suggested that the calculation should be based on the design strength of material so as to reserve sufficient safety reserve for actual structure [31] . Advances in Materials Science and Engineering 13
Conclusion
(1) A numerical finite element model is established to simulate the mechanical behavior of SRCFCST column-reinforced concrete beam framework joints. e FEA results coincide well with the existing test results, which can provide a reference for the nonlinear analysis of similar joints.
(2) On account of uniform distribution of circular steel reinforced around the section and without definite flange and web, the shear mechanism of joints is analyzed on the basis of equivalent CST to rectangular steel tube. (3) e method for calculating the shear bearing capacities of the joint core area superposed by four parts of concrete inside tube, concrete outside tube, hooping, and steel-reinforced web is proposed; and the corresponding formulas for calculating the shear bearing capacity are established. e calculated results of the formulas coincide well with the existing test results.
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